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Abstract
In this study 6 feedlots that are located on a watershed in North Dakota are evaluated
considering the State Laws and literature with respect to their potential to cause water pollution. In
the evaluation ArcView GIS software is used. Feedlots are evaluated considering the distance to
surface water and aquifers, soil type, and slope-aspect criteria. The results found that all six feedlots
evaluated needed runoff control facilities in order to meet all State Laws and/or literature criteria.
Keywords: Feedlot, Runoff, Pollution, GIS.
1. Introduction
Although United States has made significant progress in cleaning up the water resources,
still nearly 40 % of the water resources do not meet quality criteria for drinking or recreational use.
Pollution from industrial areas has been reduced, but runoff from agricultural operations still
continues to pollute water (Haberstroh and Wilbur, 1999).
In feedlots, high concentrations of animals produce concentrated areas of manure
production. Annual N production may be as much as 10 Mg ha -1. About 50% of the N, is lost by
ammonia volatilization (Power et al., 1994). Significant amounts of P and N are contained in the
runoff (Swanson et al., 1971), and can create serious environmental problems if runoff is not
retained in runoff containment structures. The densely packed feedlot subsurface inhibits infiltration
(Mielke et al., 1974).
In North Dakota for regulatory purposes a feedlot is defined as “any livestock feeding,
handling, or holding operation or feed yard where animals are concentrated in an area which is not
normally used for pasture or growing crops and where the space per animal unit is less than 600
ft2 (56 m2) (Haberstroh, 1995).
Runoff from feedlots transports manure, soil, chemicals, and requires confinement
structures for pollution control. Since the animal manure is exposed to the runoff, pollution potential
of the feedlots depends on the size of operation, rainfall intensity, duration and frequency.
In order to minimize feedlot runoff effects on water resources the North Dakota State
Livestock Rules specify that certain concentrated operations, which have potential to pollute state
waters, must be approved by the North Dakota Department of Health (Haberstroh and Wilbur,
1999). Criteria for evaluating suitability of a site for a feedlot are given in Table 1.
Table 1. Feedlot Evaluation Criteria
Criteria
Desired Condition
Distance to water
0.60 m per AU
Soil type
High runoff capacity
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Distance to aquifer
More than 3.2 km
Slope
2–6%
Aspect
South or east
GIS provides an environment to view, query, analyze, and plot spatial data. Analyzing
spatial relationships is very easy in GIS. For example, all feedlots that are located on an aquifer
can be found, flow path of runoff and pollutants along with runoff can be identified, and all the
feedlots within a distance of surface waters can be located.
GIS not only provides spatial analysis, but also stores the data for water quality models.
This is achieved by passing data between the GIS and the model (Joao and Walsh 1992). One of
the most popular GIS-integrated water quality models is the Agricultural Nonpoint Source Pollution
Model (AGNPS) that simulates runoff, sediment, and nutrient transport from small agricultural
watersheds (Young et al. 1989). Feedlot Evaluation Model (Young et al. 1982) is used to calculate
pollutant transport from feedlots in AGNPS.
In this study ArcView GIS software was used to spatially evaluate current feedlots and their
pollution potential. A database using the criteria of distance to surface water and aquifer, soil type,
slope, and aspect was created to evaluate the feedlots. A software program, FeHyd, was
developed, using Microsoft Visual Basic, to simulate runoff, and pollutant transport from the
feedlots.
2. Methodology
2.1. Study Area and Data Sets
The watershed chosen for the study is HUC 09020205 located on Cass, Steele, Barnes,
Ransom, and Richland counties of North Dakota (Figure 1). There were six feedlots located in the
study area (See Table 2).

Figure 1. Study Area

Table 2. Feedlot Parameters
Area,
AU
Distance to
Hydrologic Distance to
Slope,
Aspect
(m2)
water, (m)
soil group aquifer, (m)
(%)
1
13950
186
410
B
6586
2–6
South
2
63069
65
8439
D
3059
2–6
South
3
1986698 2000
1789
D
14771
<2
Flat
4
215488
1000
2146
C
10787
<2
Flat
5
84093
336
454
C
10457
<2
Flat
6
121093
1100
338
D
4392
<2
Flat
Digital Elevation Model (DEM), and river reach data are downloaded from the EPA web
site, (http://www.epa.gov/OST/BASINS/HUCS/09020205/). River reach data was re-edited to
Feedlot #
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create a layer that presents the drainage network with a fully connected set of single lines as
described in Maidment and Djokic (2000).
Feedlot data was obtained from the North Dakota Department of Health in Microsoft Excel
format and edited in ArcView. The feedlot data includes animal type, status (active or not), total
animal units (AU), county, HUC, and coordinates. Feedlot areas are calculated from aerial photos
that were obtained from http://www.terraserver.microsoft.com/ web site (Figure 2). Precipitation,
soil type and land use data are available from North Dakota State University, Agricultural and
Biosystems Engineering Extension Service in GIS format.

(a) #1, 60 Beef cows, 50 feeders
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(b) #2, 300 Beef feeders

(c) #3, 65 Beef cows
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(d) #4, 500 Beef feeder

(e) #5, 1200 Beef cows
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(f) #6, 850 Beef cows
Figure 2. Aerial Photographs of The Feedlots
2.2. Method
If not handled properly, feedlot runoff can cause water quality problems. Nitrate-nitrogen
concentrations higher than 10 ppm in drinking water may harm infants and concentrations higher
than 100 ppm may harm cattle (Anonymous, 2000).
Also, Lorimor (2000) reported that ammonia concentrations of more than 3 – 20 ppm kill
fish, and high concentrations of COD suffocate the fish. Phosphorus may cause algal growth even
at very low levels (less than 1 ppm).
On the other hand typical nutrient concentrations in feedlot runoff are 400 ppm total
nitrogen, 300 ppm ammonia, 80 ppm phosphorus, 6000 ppm COD. Therefore, it is essential to
predict feedlot characteristics. Following methodology and software are used in the study to meet
this goal.
The ArcView extensions used in the study are Geoprocessing, Modelbuilder,Spatial
Analyst, and Projector!. For watershed delineation and flow path calculation PrePro03 project is
used.
In the software program, feedlot runoff was calculated using the SCS Curve Number
Method (Equation 1, 2, and 3). As used in AGNPS the curve numbers of 91, and 94 for unpaved
and paved lots were chosen respectively. Although there is no information about feedlot surface
Garry Haberstroh of North Dakota Department of Health reported that all but three feedlots are
unpaved. Therefore a curve number of 91 was used in the equation.
S = 25400/CN – 254

Equation (1)

Q = (Rday – 0.2S)2/(Rday + 0.8S)

Equation (2)

V = QA

Equation (3)
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Where;
S = retention parameter
CN = runoff curve number
Q = runoff in mm
Rday = daily rainfall in mm V =
rainfall volume in m2-mm A =
feedlot area in m2.
Rainfall is simulated using a skewed distribution (Nicks, 1974, and Fiering, 1967) (Equation
4, and 5). The probability of a wet-dry day was defined as described in Neitsch et al. (2000) using
the first order Markov-chain model. The program generates a random number for each day, which
is between 0 and 1. If the wet-dry probability of a day is greater than the probability that day is
considered as wet and rainfall is generated. For the study watershed Thiessen polygons were
constructed and using the closest station values to the feedlots wet-dry probabilities of a day was
calculated.
Rday = µmon + 2σmon[[(SNDday – gmon/6)(gmon/6)+1]3 – 1] / gmon

Equation (4)

SNDday = cos(6.283rnd2)(-2ln(rnd1))0.5

Equation (5)

Where;
µmon = mean daily rainfall in mm σmon = standard deviation of
daily rainfall for the month in mm SNDday is standard normal
deviate calculated for the day gmon = the skew coefficient for
daily precipitation in each month.
Rnd1 and rnd2 = randomly generated numbers
In order to calculate runoff characteristics and mass load of pollutants AGNPS’s feedlot
evaluation model were used (Equation 6, 7, 8, 9, 10, and 11). Figure 3 demonstrates the flowchart
of the program.
EAU = (AU)F

Equation (6)

AUD = EAU / (0.0002471A)

Equation (7)

PMP = AUD

(if AUD<100)

Equation (8)

PMP = 100

(if AUD>100)

Equation (9)

C = (PMP)(Cons)/100

Equation (10)

MLP = 10-6(C)(V)

Equation (11)

Where;
EAU = equivalent animal unit
AU = animal unit
F = ratio of pollutant produced by beef to that produced by a 500 kg slaughter steer
AUD = animal unit density
PMP = percent manure pack, C is concentration in mg/l
Cons = typical nutrient concentrations of runoff for feedlots having a 100 percent manure pack in
mg/l
MLP = mass load of pollutants in kg.
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Figure 3. Flowchart of the Computer Program
After spatially evaluating the feedlots, the feedlot database was converted from dbf to txt
format in order to run the program. The program simulates the rainfall, runoff, pollutant transport,
and mass load for 100 years for the given month, and gives the maximum, and average daily values.
A print out from the program is given in the discussion section.
3. Results and Discussion
In this section spatial evaluations of feedlots will be discussed and simulation results will
be given. Future work will be the development of an online GIS database which can be used for
natural resources planning, watershed water-quality assessment, and hydrologic investigations
such as estimating streamflow characteristics for non-gaged streams, and other water-resources
inventories or management projects. Therefore a watershed delineation was conducted as
described in ESRI’s online course, Spatial Hydrology Using ArcView GIS (http://campus.esri.com).
DEM, river reach, and delineated watershed are given in Figure 4 respectively.

DEM

River Reach

Delineated Watershed

Figure 4. Watershed Delineation Process
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3.1. Evaluation of Feedlots Using GIS and Literature – State Criteria
According to State Livestock Rules, operations located within 2 feet per animal unit of
waters of the state require North Dakota Department of Health approval. In another saying these
operations have a potential to pollute waters if the runoff confinement structures are not considered.
Feedlots were buffered to 0.60 m (2 feet) per animal units. Only one feedlot is considered critical
with this regulation (Figure 5).

Figure 5. A Feedlot, Which Is Located Within 2 ft per Animal Unit of a Stream
Feedlot locations were evaluated to see if the soil characteristics have a sufficient runoff
capacity. Birchall (1998) reported that soils, which have high runoff capacity, are desirable for
feedlot locations. Map unit IDs of the soils on which feedlots are located are given in the following
Figure 6. ND001, ND008, and ND040 have relatively high runoff capacity, while ND066 has less.

Figure 6. Map Unit IDs of Feedlot Locations
Sites that are within 3.2 km (2 miles) of aquifers should be avoided for a feedlot location
(Birchall,1998). The aquifer map of the study area was buffered to 3.2 km in order to determine
critical areas for aquifer safety (Figure 7).
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Figure 7. Critical Areas for Aquifer Safety
Lots should drain freely, yet not so steep that the surface erodes or the manure washes
from the lots. Birchall (1998) reports that optimum slopes for feedlots vary between 2-6 %. The
preferred orientation for a lot is south or east to offer some protection from the prevailing winds and
maximize the sun's drying effect. In order to evaluate feedlot slopes and orientations, the model
builder extension of ArcView was used. Slope and aspect maps of the study area were calculated
and arithmetically overlaid (Figure 8). In the figure white areas represents the appropriate areas for
feedlot locations. Only one feedlot’s location meets the slope-aspect requirements. Table 3
summarizes the evaluation results for the feedlots.

Figure 8. Slope-Aspect Map of The Study Area

Table 3. Feedlot Evaluation Results
Evaluation Criteria
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Feedlot
no
1

Distance to water

Soil type

Aquifer

Slope

Aspect

X
X
X
X

X
X
X
X

X

2

X

3
4
5
6

X

3.2. Simulated Water Quality From Feedlot Runoff
The simulation program was run for the 6 feedlots located on the watershed and results
are given in Figure 9. The model simulates the runoff, and pollutant transport along with this runoff
for 100 years, and gives the daily maximum and average runoff, and mass loads for a given month.
The following results were calculated for June. When the minimum runoff for a day was 0, these
values were not included in the program.

Figure 9. Simulation Results for the Feedlot Runoff and Pollutant Transport
4. Conclusions
Distance to water resources is critical. If distance is too a direct flow from the feedlot to
surface water may occur. All feedlots except #6 meet this criterion. Lots should be located on a
stabled, compacted, and well drain site. Therefore, silt and clay soils are desirable for the feedlot
location. In case of a permeable location infiltration may occur from the lot surface, which will not
allow us to keep runoff under control.
Only feedlot #1 failed to be located on a site with an unsuitable soil type. For aquifer safety
a minimum distance of 3.2 km (2 miles) should be maintained. Feedlot #2 fails in this criterion. All
the other feedlots are located on a desirable distance. Feedlot slope should provide an adequate
drainage, but if the slope is too steep it will cause manure wash from the lot.
Slope is a key factor in the removal of liquid from the manure. An optimum slope range of
2 – 6 % should be provided. Orientation to the east or south prevents the feedlot from prevailing
winds that cause odor problems. As can be seen from evaluation results 4 feedlots do not meet this
criterion.
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In conclusion, all the evaluated feedlots fail at least in one criterion which means runoff
confinement structures and continuous monitoring would be required for the feedlots. GIS
technologies can be used for present feedlots and the feedlots that will be constructed. By
considering the site selection criteria and State Laws environmental impacts of feedlot runoff can
be minimized. Using GIS and the model described above the producers can develop best
management practices for his or her operation. The next step in this kind of studies should be the
online representation of GIS data. This will help in the design of runoff management systems.
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